




$ WHUYEHQ HOĘLUiQ\]RWW NpW NXWDWiVL WHUOHW D VXJiU]iVVDO LQLFLiOW SROLPHUL]iFLy NLQHWLNiMD
LOOHWYH D VXJiU]iVVDO LQLFLiOW RMWiV WDQXOPiQ\R]iVD (PHOOHWW D] HOĘ]Ę 27.$ SiO\i]DW
KDUPDGLN WpPDN|UpW D WR[LNXV V]HUYHV PROHNXOiN GHJUDGiFLyMiQDN WDQXOPiQ\R]iViW LV
IRMWDWWXNPLQGDKiURPWHUOHWHQHOpUWHUHGPpQ\HLQNHW|VV]HIRJODOWXN
$ SURMHNWKH] NDSFVROyGLN HJ\ QHP]HWN|]L HJ\WWPĦN|GpV WiPRJDWiVL SURMHNW LV $] RODV]
SDUWQHUUHO NH]GHWEHQ D SROLPHUL]iFLy NLQHWLND WHUOHWpQ IRO\WDWWXQN N|]|V NXWDWiVRNDW






$ VXJiU]iVVDO LQLFLiOW SROLPHUL]iFLy NLQHWLNiMiW YL]HV ROGDWEDQ WDQXOPiQ\R]WXN
LPSXO]XVUDGLROt]LV WHFKQLNiYDO NLQHWLNXV IRWRPHWULiV GHWHNWiOiVVDO $] LRQL]iOy VXJiU]iV
KDWiViUD ROGDWRNEDQ D] ROGyV]HU UDGLROt]LVH MiWV]yGLN OH D NRQFHQWUiFLy YLV]RQ\RNPLDWW D]
ROGRWW DQ\DJ UDGLROt]LVH HOKDQ\DJROKDWy $ Yt] UDGLROt]LV N|]WLWHUPpNHL D KLGUDWiOW HOHNWURQ
HDT D KLGUR[LOJ\|N x2+ pV D KLGURJpQDWRP UHDJiOQDN D Yt]EHQ ROGRWW DQ\DJRNNDO $
UHDNFLyEDQ D V]HUYHV DQ\DJRNDW N|]WLWHUPpNHN J\|N|N J\|NLRQRN LRQRN NHOHWNH]pVH
N|]EHQ OHERQWMiN $ PRQRPHUHNEĘO NHOHWNH]HWW J\|N|N SHGLJ D SROLPHUL]iFLyV UHDNFLyW
LQLFLiOMiN
.RUiEELPXQNiLQNEDQWDQXOPiQ\R]WXND] LQLFLiOiVWDYt]UDGLROt]LV WHUPpNHLYHO0LQGKiURP
N|]WLWHUPpNNHO W|EE PLQW  PRQRPHU YL]HV ROGDWiEDQ PpUWN D] LQLFLiOiV VHEHVVpJL
HJ\WWKDWyMiW$N|]WLWHUPpNHNQDJ\UHDNWLYLWiVDPLDWWDPpUWpUWpNHNQDJ\RNW|EEQ\LUHN|]HO
YDQQDNDGLII~]LyiOWDOPHJKDWiUR]RWWKDWiUpUWpNKH]
$ MHOHQ SiO\i]DW NHUHWpEHQ IRO\WDWRWW NXWDWiV VRUiQ QXNOHRILO pV HOHNWURILO J\|N|N UHDNFLyLW
WDQXOPiQ\R]WXN DNULOVDY pV PHWDNULOVDY WtSXV~ PRQRPHUHNNHO  V] N|]OHPpQ\HN $
J\|N|NHW D Yt]KH] DGDJROWPHJIHOHOĘ DGDOpN pV D Yt] UDGLROt]LV N|]WLWHUPpNHN UHDNFLyMiEDQ
iOOtWRWWXNHOĘ
(OĘV]|UHJ\NHYpVEpUHDNFLyNpSHVJ\|NUHDKLGUR[LSURSLO&+&x2+PiVQpYHQL
SURSDQRO ,3 J\|NUH HVHWW YiODV]WiVXQN  PRQRPHUUHO YL]VJiOWXN PHJ UHDNFLyMiW $] ,3
J\|N DNULOiW WtSXV~ PRQRPHUHNNHO UHDJiOKDW J\|NDGGtFLyYDO YDJ\ HOHNWURQ WUDQV]IHUUHO $
NtVpUOHWHN VRUiQNLPXWDWWXNKRJ\DNULODPLG DNULOVDY LOOHWYHPHWDNULOVDY WtSXV~PRQRPHUHN
HVHWpEHQD] LQLFLiOiVD] ,3J\|NDGGtFLyMiYDOPHJ\YpJEHpVDVHEHVVpJLHJ\WWKDWy[
PRO GP V pV [ PRO GP V N|]|WWL WDUWRPiQ\ED HVLN  WiEOi]DW $NULOVDY pV
PHWDNULOVDYpV]WHUHNHVHWpEHQD]pUWpNHNPLQWHJ\V]RUQDJ\REEDNPLQWD]DNULODPLGRNQiO
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DGDWRN V]HULQW D] ,3 J\|N DGGtFLyMiQDN VHEHVVpJL HJ\WWKDWyMD pV D] HOHNWURQDIILQLWiV ($
N|]|WWMyDNRUUHOiFLySO+)LVFKHU/5DGRP$QJHZ&KHP,QW(G$
WDQXOPiQ\R]RWW YHJ\OHWHN ($ pUWpNHL QHP LVPHUWHN H]pUW KDV]QiOWXN D] D]]DO DUiQ\RV
+DPPHWWIpOHV]LJPDiOODQGyNDWLURGDOPLDGDWRN&+DQVFK$/HR5$7DIW&KHP5HY
DODSMiQYDODPLQWD/802ORZHVWXQRFFXSLHGPROHFXODURUELWDO+\SHU&KHP
 Y VHJtWVpJpYHO HQHUJLiNDW  WiEOi]DW 9LV]RQ\ODJ My NRUUHOiFLyW WDOiOWXQN PLQG D
VHEHVVpJL iOODQGy ORJDULWPXVD pV D+DPPHWW iOODQGyN ORJNV]LJPDPLQG D ORJ N/802
pUWpNHNHVHWpEHQiEUD
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YDODPLQW D VHEHVVpJL HJ\WWKDWy pV D] DNULOiWRN VSpUWpNH N|]|WW $]  WiEOi]DWEDQ D
PRQRPHUHNU|YLGtWHWWQHYHPHOOHWWV]HUHSHODWHOMHVQpYLV
$PXQND IRO\WDWiVDNpQWD] ,3J\|NPDOHLQiWRNNDOpV IXPDUiWRNNDO W|UWpQĘ UHDNFLyMiQDNS+
IJJpVpW WDQXOPiQ\R]WXN 0HJiOODStWRWWXN KRJ\ D] ,3 J\|N NO|QE|]Ę VHEHVVpJL
HJ\WWKDWyYDO UHDJiO D PDOHLQiWRN pV IXPDUiWRN KiURP NO|QE|]Ę PpUWpNEHQ SURWRQiOW
IRUPiMiYDO LRQRV IpOLJ SURWRQiOW WHOMHVHQ SURWRQiOW$ $ iEUiQ D IXPiUVDY D % iEUiQ
SHGLJ PDOHLQVDY HVHWpEHQ OiWKDWy D PpUW VHEHVVpJL HJ\WWKDWyN S+ IJJpVH YDODPLQW D]
LOOHV]WpVVHONDSRWWpUWpNHNLV$]LOOHV]WpVKH]DONDOPD]RWWHJ\HQOHWQpOD]WIHOWpWHOH]WNKRJ\D
PpUW N pUWpN D] LRQRV IpOLJ SURWRQiOW WHOMHVHQ SURWRQiOW IRUPiKR] WDUWR]y N pUWpNHN pV D




















































 iEUD $ N PiVRGUHQGĦ VHEHVVpJL HJ\WWKDWy S+ IJJpVH IXPiUVDY $ pV PDOHLQVDY %
HVHWpEHQ SRQWRN$YRQDODPpUWN pUWpNHNpVD] HJ\HQOHW DODSMiQ LOOHV]WpVVHONpV]OW D
+ )N  +)N   pV )N   YDODPLQW D + 0N  +0N   pV 0N   VHEHVVpJL HJ\WWKDWy pUWpNHN D 
WiEOi]DWEDQOiWKDWyN6]DJJDWRWWYRQDOODODSURWRQiOWIpOLJSURWRQiOWLOOHWYHDGLDQLRQRVIRUPiN






$PLNRU D WHOMHVHQ SURWRQiOW GLNDUERQVDY D PRQRDQLRQ pV D GLDQLRQ +; +; pV ; LV
UHDJiOD],3J\|NNHODNVHEHVVpJLHJ\WWKDWyD]HJ\HGLVHEHVVpJLHJ\WWKDWyN + ;N  +;N  
+;N    pV D]RN PyOW|UWMpQHN  + ;I  +;I   ;I   V]RU]DWD OLQHiULV NRPELQiFLyMiQDN
WHNLQWKHWĘ
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DPRQRDQLRQHVHWpEHQ  [ +;  S+ S. 
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$GLDQLRQQiO D] LOOHV]WpVVHONDSRWW VHEHVVpJL HJ\WWKDWy pUWpNHNEL]RQ\WDODQViJDQDJ\PLYHO D] ,3J\|N DPRQRDQLRQQDO LV UHDJiOPpJ
QDJ\S+pUWpNHNQpOLV

)XPiUVDYHVHWpEHQD] ,3J\|NQXNOHRILO MHOOHJHPLDWWD WHOMHVHQSURWRQiOW IRUPiYDO UHDJiO D





$] HOĘ]ĘHNEHQ OHtUW HUHGPpQ\HN DODSMiQ LQGRNROWQDN OiWWXN WRYiEEL QXNOHRILO pV HOHNWURILO
J\|N|NUHDNFLyMiWPHJYL]VJiOQLPDOHLQVDYYDOpVIXPiUVDYYDO$KLGUR[LPHWLODKLGUR[LHWLO
QXNOHRILO pV D GLNOyU J\|NDQLRQ HOHNWURILO UHDNWiQVRN DGGtFLyV UHDNFLyLQDN VHEHVVpJL
HJ\WWKDWyLWKDWiUR]WXNPHJDS+pVN|]|WWLWDUWRPiQ\EDQ(UĘVS+IJJpVWWDSDV]WDOWXQN




































 iEUD $ x&+2+  PDOHLQVDY UHDNFLy SV]HXGRHOVĘ UHQGĦ VHEHVVpJL HJ\WWKDWyMiQDN




$QXNOHRILOJ\|N|NpV IXPiUVDY UHDNFLyMDHVHWpEHQDNpWV]HUHVHQSURWRQiOW IRUPDVHEHVVpJL
HJ\WWKDWyMD D OHJQDJ\REE H]W N|YHWL D] HJ\V]HUHVHQ SURWRQiOWp PDMG D GHSURWRQiOWp D
UHDNFLy QXNOHRILO MHOOHJpQHN WXODMGRQtWKDWyDQ $] HOHNWURILO GLNOyU J\|NDQLRQ HVHWpEHQ




























































 iEUD $ N PiVRGUHQGĦ VHEHVVpJL HJ\WWKDWy S+ IJJpVH $ D IXPiUVDY  &+x&+2+
UHDNFLy VRUiQ pV % D PDOHLQVDY  &+x&+2+ UHDNFLy VRUiQ PpUW SRQWRN $ IRO\WRQRV
J|UEpW LOOHV]WpVVHONDSWXNDPpUWpUWpNHNUHD]HJ\HQOHWWHO 6]DJJDWRWWYRQDOODODSURWRQiOW




















































 iEUD $ N PiVRGUHQGĦ VHEHVVpJL HJ\WWKDWy S+ IJJpVH D &Ox J\|NDQLRQ UHDNFLyMiEDQ
GLNDUERQVDYDNNDO D NO|QE|]ĘPpUWpNEHQ SURWRQiOW GLNDUERQVDYDN IXPiUVDY$PDOHLQVDY
%NRQFHQWUiFLyMiWV]DJJDWRWWYRQDOODOiEUi]ROWXNDHJ\HQOHWDODSMiQV]iPROWXN$YRQDOD
PpUWN pUWpNHNUH LOOHV]WpV D] HJ\HQOHWWHO HUHGPpQ\pWPXWDWMD$ NpNQpJ\]HWHN LURGDOPL
DGDWRNEyOV]iUPD]QDN.+DVHJDZD31HWD-3K\V&KHP
0RGHOOH]WNDYL]HVROGDWRNLPSXO]XVUDGLROt]LVHVRUiQOHMiWV]yGyIRO\DPDWRNDWD.,17(&26
SURJUDPRW DONDOPD]YD 6]iPtWRWWXN D KLGUDWiOW HOHNWURQROGRWW PROHNXOD LOOHWYH D
KLGUR[LOJ\|NROGRWW PROHNXOD UHDNFLyNEDQ NHOHWNH]Ę WHUPpNHN KR]DPiW pV V]pOHV





















































$ VXJiU]iVVDO LQLFLiOW SROLPHUL]iFLy NLQHWLNiMiQDN WDQXOPiQ\R]iViW FVRSRUWXQN W|EE PLQW





KRJ\ PLXWiQ DODSRVDQ PHJYL]VJiOWXN D] LQLFLiOiV NLQHWLNiYDO NDSFVRODWRV NpUGpVHNHW
PHJKDWiUR]WXQN N|]HO V]i] VHEHVVpJL HJ\WWKDWyW NXWDWiVDLQN V~O\SRQWMD IRNR]DWRVDQ







$ NXWDWiV FpOMD NHWWĘV HJ\UpV]W D SDPXWFHOOXOy] SROLPHU NRPSDWLELOLWiViQDN MDYtWiVD
KLGURIRELFLWiViQDN Q|YHOpVHPiVUpV]W IXQNFLyV FVRSRUWRN IHOYLWHOH  N|]OHPpQ\HN (]









D ERPOiVNRU NHOHWNH]HWW J\|N|N LQLFLiOMiN D] RMWiVRV NRSROLPHUL]iFLyW $ PyGV]HU HOĘQ\H
KRJ\DKRPRSROLPHUL]iFLyPLQLPiOLVUDFV|NNHQPLYHODPRQRPHUQHPNDSEHVXJiU]iVWpV
tJ\ FVDN OiQFiWDGiV UpYpQ M|KHW OpWUH KRPRSROLPHU0LYHO D EHVXJiU]iV pV D] RMWiV N|]|WW
PLQWHJ\  SHUFHV LGĘ WHOLN HO H]pUW D] RMWiVL UHDNFLyEDQ FVDN D QDJ\REE pOHWWDUWDP~




W|UWpQLN $ PyGV]HUQHN HOĘQ\H KRJ\ ± PLYHO D J\|NNpS]pV pV D] RMWiV LGĘEHQ QLQFVHQ
HOYiODV]WYD ± D NpS]ĘG|WW J\|N|N WHOMHV PHQQ\LVpJH UpV]W YHV] D] LQLFLiOiVEDQ $PyGV]HU
KiWUiQ\D KRJ\ D] ROGyV]HUEĘO NpS]HWW J\|N|N D KRPRSROLPHU NpS]ĘGpVpW LV LQLFLiOMiN $
KRPRSROLPHUL]iFLyYLVV]DV]RUtWiViUDLQKLELWRURNDWDONDOPD]QDN
$]XWyODJRVRMWiV 3,*VRUiQDN|YHWNH]ĘPRQRPHUHNHWDONDOPD]WXNDNULODPLG $$P
KLGUR[LSURSLODNULOiW +3$ KLGUR[LSURSLOPHWDNULOiW +30$ HWLOKH[LOPHWDNULOiW 
(+0$1YLQLOSLUUROLGRQ193pV11¶PHWLOpQELV]DNULODPLG110%$$P$FHOOXOy]




$ 3,* RMWiVQiO D] RMWiVL KDWpNRQ\ViJ HUĘVHQ IJJ|WW D PRQRPHU V]HUNH]HWWĘO  iEUD D
OHJQDJ\REE RMWiVL KDWpNRQ\ViJRW +30$ HVHWpQ WDSDV]WDOWXQN NE RW D OHJNLVHEEHW







FV|NNHQW $ &0& OD]D V]HUNH]HWH NLVHEE Gy]LVRNQiO RNR]RWW pV]OHOKHWĘ YiOWR]iVW D
FHOOXOy]KR]NpSHVWQDJ\REERMWiVLKDWpNRQ\ViJRWpVQpPLOHJFV|NNHQWYt]IHOYHYĘNpSHVVpJHW
HUHGPpQ\H]YHN*\I|O|WWD]RQEDQH]DKDWiVPiUQHPV]LJQLILNiQV

























 iEUD$]RMWiVL KDWpNRQ\ViJpV DGX]]DGiV Yt]IHOYpWHO D] HOQ\HOWGy]LV IJJYpQ\pEHQ$
EHVXJiU]iVV]REDKĘPpUVpNOHWHQD]RMWiV&RQW|UWpQWPROGPHVYL]HVROGDWEDQ
SHUFLJ $ WHOW V]LPEyOXPRN D FHOOXOy]UD D] UHVHN D &0&UH RMWiVNRU NDSRWW RMWiVL
KDWpNRQ\ViJRWLOOHWYHYt]IHOYpWHOWGX]]DGiVMHO]LN

$] HJ\LGHMĦ 6* pV D] XWyODJRV 3,* RMWiVLPyGV]HUW1YLQLOSLUUROLGRQ 193PRQRPHU
HVHWpEHQ |VV]HKDVRQOtWYD PHJiOODStWRWWXN KRJ\ RSWLPiOLV N|UOPpQ\HNHW DONDOPD]YD D]
HJ\LGHMĦ RMWiV PLQWHJ\ HJ\ QDJ\ViJUHQGGHO QDJ\REE RMWiVL KDWpNRQ\ViJRW HUHGPpQ\H]HWW



































FHOOXOy]UD $] HJ\LGHMĦ RMWiV 6* PyGV]HUpW DONDOPD]YD PLQGNpW PRQRPHU HVHWpEHQ
PHWDQRORVROGDWEDQPROGPV]WLUROWDONDOPD]YDDKRPRSROLPHUL]iFLyYLVV]DV]RUtWiViUD





























































DONDOPD]YD  PPRO GP NRQFHQWUiFLyM~ PRQRPHU ROGDWEDQ $ PLQWiN Yt]IHOYHYĘ
NpSHVVpJH  RMWiVL KDWpNRQ\ViJLJ FV|NNHQW H]XWiQ QHP YiOWR]RWW  iEUD $] RMWRWW
FHOOXOy]UDFVHSSHQWHWWYt]IHOV]tYyGiVL LGHMHXJ\DQFVDNRMWiVLKDWpNRQ\ViJLJQĘWWXWiQD
QHP YiOWR]RWW MHOHQWĘVHQ (]HN D] HUHGPpQ\HN D FHOOXOy] PLQWiN KLGURILO MHOOHJpQHN
FV|NNHQpVpWEL]RQ\tWMiN
&HOOXOy]DODS~DGV]RUEHQVHOĘiOOtWiVDYROWFpOXQNDPXQNDXWROVyIi]LViEDQ$Yt]EHQROGRWW
NLV NRQFHQWUiFLyEDQ MHOHQ OpYĘ WR[LNXV V]HUYHV V]HQQ\H]ĘGpVHN HOWiYROtWiViUD NpV]tWHWWQN
DGV]RUEHQVW JOLFLGLOPHWDNULOiW *0$ PRQRPHU FHOOXOy]UD RMWiViYDO gVV]HKDVRQOtWRWWXN D
VXJiU]iVVDO HJ\ LGĘEHQYpJ]HWW 6* pV D] HOĘ]HWHV EHVXJiU]iV XWiQ 3,* W|UWpQĘ RMWiVW$







 iEUD (J\LGHMĦ 6* pV XWyODJRV 3,* PyGV]HUUHO JOLFLGLOPHWDNULOiWWDO *0$ RMWRWW
FHOOXOy]PLQWiN |VV]HKDVRQOtWiVD6(0 IHOYpWHOHNNHO D NH]HOHWOHQ E 3,*PyGV]HUUHO RMWRWW
SDPXWV]iOF6*PyGV]HUUHORMWRWWSDPXWV]iOaRMWiVDEpVFPLQWiNQiO


























gVV]HKDVRQOtWRWWXN D NpWIpOHPyGV]HUUHO NpV]OWPLQWiN DGV]RUSFLyV NDSDFLWiViW GLNOyU
IHQR[LHFHWVDY ' YL]HV ROGDWiEDQ  iEUD $]  RMWiVL KDWpNRQ\ViJ~ PLQWiN
HVHWpEHQMREEDGV]RUEHQVHNQHNPXWDWNR]WDNDEHVXJiU]iVVDOHJ\LGĘEHQRMWRWWPLQWiNPLQWD]























YpJ]HWW DGV]RUSFLy XWiQ G 6*PyGV]HUUHO FLNORGH[WULQ MHOHQOpWpEHQ RMWRWWPLQWiYDO YpJ]HWW
DGV]RUSFLyXWiQRMWiVPLQGKiURPPLQWiQiO
$ FHOOXOy] RMWiViQDN PyGV]HUHLUĘO D SROLPHUL]iFLy OHIRO\iViUyO NLQHWLNiMiUyO pV D] RMWRWW
FHOOXOy] N|UQ\H]HWYpGHOPL IHOKDV]QiOiViUyO |VV]HIRJODOy N|]OHPpQ\W NpV]tWHWWQN 
N|]OHPpQ\ $ N|UQ\H]HWYpGHOHP V]iPiUD QDJ\ NLKtYiVW MHOHQW pOĘYL]HLQN WLV]WDViJiQDN
PHJĘU]pVH $ WR[LNXV YHJ\OHWHN SO Q|YpQ\YpGĘ V]HUHN J\yJ\V]HU PDUDGYiQ\RN
HOWiYROtWiVL PyGV]HUpQHN NLGROJR]iViQ YLOiJV]HUWH QDJ\ HUĘNNHO GROJR]QDN D NXWDWyN $
V]HUYHV PROHNXOiN HOWiYROtWiViQDN NpW PyGMD OHKHWVpJHV D V]HOHNWtY DGV]RUSFLy pV D]
HOURQFVROiV0LYHO NXWDWiVDLQNPLQGNpW WHUOHWUH NLWHUMHGQHN OHKHWĘVpJQN DGyGLN D NpWIpOH









 7R[LNXV V]HUYHVPROHNXOiN GHJUDGiFLyMD KtJ YL]HV ROGDWRNEDQ LRQL]iOy
VXJiU]iVRVNH]HOpVNRUNLQHWLNDpVPHFKDQL]PXV
$]HOĘ]Ę27.$SiO\i]DWXQNKR]NDSFVROyGyNXWDWiVWpPiMDQDJ\PROHNXOiM~D]RV]tQH]pNHN
GHJUDGiFLyMiQDN WDQXOPiQ\R]iVD YROW $KRJ\ D EHV]iPROy HOHMpQ PiU HPOtWHWWN LRQL]iOy
VXJiU]iV KDWiViUD ROGDWRNEDQ D] ROGyV]HU UDGLROt]LVH MiWV]yGLN OH D NRQFHQWUiFLy YLV]RQ\RN
PLDWW D] ROGRWW DQ\DJN|]YHWOHQ UDGLROt]LVH HOKDQ\DJROKDWy$Yt] UDGLROt]LV N|]WLWHUPpNHL D
KLGUDWiOW HOHNWURQ HDT D KLGUR[LOJ\|N x2+ pV D KLGURJpQDWRP UHDJiOQDN D Yt]EHQ ROGRWW
DQ\DJRNNDO LQGtWMiN D V]HUYHV PROHNXOiN tJ\ SpOGiXO D V]tQH]pNHN GHJUDGiFLyMiW (] D
PyGV]HU D QDJ\KDWpNRQ\ViJ~ R[LGiFLyV HOMiUiVRN $23 N|]p VRUROKDWy .O|QIpOH $23
HOMiUiVRN IHMOHV]WpVpQ PLQW D] HOĘ]ĘHNEHQ PiU HPOtWHWWN YLOiJV]HUWH HJ\UH QDJ\REE
LQWHQ]LWiVVDOIRO\QDNNXWDWiVRN0LLVIRQWRVQDNOiWWXNKRJ\DV]HOHNWtYDGV]RUSFLyPHOOHWWD
WR[LNXVYHJ\OHWHNHOWiYROtWiViQDNH]HQPyGV]HUpYHONDSFVRODWEDQLVIRO\WDVVXQNNtVpUOHWHNHW
*DPPDUDGLROt]LVVHO pV LPSXO]XVUDGLROt]LVVHO LV IRO\WDWWXQN YL]VJiODWRNDW 
N|]OHPpQ\HN ,PSXO]XVUDGLROt]LV WHFKQLNiYDO NLQHWLNXV VSHNWURIRWRPHWULiV GHWHNWiOiVVDO D
OHERPOiV PHFKDQL]PXViUyO D NHOHWNH]HWW N|]WLWHUPpNHN V]HUNH]HWpUĘO NDSXQN LQIRUPiFLyW
YDODPLQW D NLQHWLNDL HJ\WWKDWyNDW LV PHJKDWiUR]]XN $ OHERQWiVW HOV]tQWHOHQHGpVW &R


















































































 U¶PROGP*\ UPROGPV I
,, u u 
,,, u u 
63$'16 u u 
$5 u u 
$SROORIL[5HGD]RV]tQH]pN

$ J\DNRUODWEDQ OHYHJĘ MHOHQOpWpEHQ IRO\LN D V]HQQ\Yt] VXJiU]iVRV NH]HOpVH D]D] R[LGDWtY
N|UOPpQ\HNN|]|WWPHUWOHYHJĘYHOWHOtWHWWROGDWEDQDKLGUDWiOWHOHNWURQD]R[LJpQQHOUHDJiO
$  WiEOi]DWEDQ D GHJUDGiFLy VHEHVVpJpW YDODPLQW KDWpNRQ\ViJiW KDVRQOtWMXN |VV]H D]
HJ\V]HUĦEEYHJ\OHWHNpVNpWD]RV]tQH]pNHVHWpEHQ/iWKDWyKRJ\DV]tQH]pNHNJ\RUVDEEDQ
pV KDWpNRQ\DEEDQ GHJUDGiOKDWyN (QQHN RND YDOyV]tQĦOHJ D] KRJ\ D] D]RV]tQH]pNHN

































 iEUD63$'16 DEV]RUSFLyV VSHNWUXPiQDN YiOWR]iVD D Gy]LV IJJYpQ\pEHQ D+2x J\|N
UHDNFLyEDQ12GDOWHOtWHWWROGDWEDQF PPROGPRSWLNDL~WKRVV]FP
$PLNRUJDPPDUDGLROt]LV VRUiQD]ROGDWRNDWR[LGDWtYN|UOPpQ\HN N|]W VXJiUR]WXNEH +2x
J\|N UHDNFLy 12GDO WHOtWHWW ROGDW D]W ILJ\HOKHWWN PHJ KRJ\ D] 899,6 VSHNWUXPXN



















$]HOWROyGiVW D]899,6 VSHNWUXPEDQD]RNR]]D KRJ\DNHOHWNH]HWW GHJUDGiFLyV WHUPpNHN
NLVVp QDJ\REE KXOOiPKRVV]QiO DEV]RUEHiOQDN PLQW D NLLQGXOiVL DQ\DJ $ KLGUR[LOJ\|N
UHDNFLyMiEDQ DURPiV J\ĦUĦW WDUWDOPD]yPROHNXOiNNDO D IĘ N|]WLWHUPpN D KLGUR[LFLNORKH[D
GLHQLOJ\|N(]DJ\|NDVpPiQPXWDWRWWSpOGDV]HULQWUHDJiOD]D]GLV]SURSRUFLRQiOyGiVVDOpV
GLPHUL]iFLyYDO$GLPHUL]iFLyVRUiQD]HJ\LN WHUPpND]HUHGHWLPROHNXOD2+V]XEV]WLWXiOW
V]iUPD]pND $] HOWROyGiVW QDJ\REE KXOOiPKRVV] IHOp D] 899,6 VSHNWUXPEDQ H] D
V]XEV]WLWXHQVRNR]]D
,PSXO]XVUDGLROt]LVYL]VJiODWRN


































































iEUD YDODPLQW LURGDOPL DGDWRNEyO N|YHWNH]WHWWQN $ N|]WLWHUPpNHN D PLOOLV]HNXQGXPRV
LGĘVNiOiQ WĦQQHN HO $ KLGUR[LO J\|N|V GHJUDGiFLyQiO HOVĘ OpSpVEHQ D NLLQGXOy YHJ\OHW
KLGUR[LO V]iUPD]pNDL NHOHWNH]QHN YDODPLQW NLQRQ WtSXV~ YHJ\OHWHN 7RYiEEL EHVXJiU]iV
KDWiViUD H]HN Q\tOW V]pQOiQF~ DONRKRORNNi GLNDUERQVDYDNNi VWE DODNXOQDN iW $ KLGUDWiOW
HOHNWURQQDO UHDJiOWDWYD D YHJ\OHWHNHW D NHOHWNH]HWW WHUPpNHN 89 VSHNWUXPD D NLLQGXOy
YHJ\OHWKH]NpSHVWPiUNLVGy]LVQiO DNLVHEEKXOOiPKRVV] IHOH WROyGLNHO DPL MHO]L KRJ\D
KLGUDWiOW HOHNWURQDDURPiV UpV]W WiPDGMDPHJpV OHJDOiEED]HJ\LNJ\ĦUĦEHQPHJV]QWHWL D
NRQMXJiFLyW
$ ,,,PROHNXOD x2+J\|N DGGXNW VSHNWUXPiEDQS+QiO QDIWR[L J\|N MHOHQOpWpUH XWDOy
HOQ\HOpV OiWKDWy D  QP WDUWRPiQ\EDQ  iEUD (]HN D J\|N|N D KLGUR[LO J\|N
J\ĦUĦUH DGGtFLyMD PDMG Yt]HOLPLQiFLy VRUiQ NHOHWNH]QHN S+ IJJĘ IRO\DPDWEDQ $ S+



























 :RMQiURYLWV / 7DNiFV ( (PPL 66 5HDFWLRQ RI K\GUR[\SURS\O UDGLFDO
ZLWKDFU\ODWHW\SHPROHFXOHVLQDTXHRXVVROXWLRQUDGLFDODGGLWLRQRUHOHFWURQWUDQVIHU
&KHP3K\VI 
 :RMQiURYLWV / 7DNiFV ( (PPL 66 5HDFWLRQ RI K\GUR[\SURS\O UDGLFDO
ZLWK PDOHLF DQG IXPDULF DFLGV LQ DTXHRXV VROXWLRQ S+ GHSHQGHQFH &KHP 3K\V
/HWWHUVI 
 :RMQiURYLWV / 7DNiFV ( (PPL 66 1XFOHRSKLOLF DQG HOHFWURSKLOLF UDGLFDO
DWWDFN RQ PDOHLF DQG IXPDULF DFLGV LQ DTXHRXV VROXWLRQ &KHP 3K\V /HWWHUV 
I 
 %HQNH17DNiFV(:RMQiURYLWV/%RUVD-3UHLUUDGLDWLRQJUDIWLQJRIFHOOXORVH
DQG VOLJKWO\ FDUER[\PHWK\ODWHG FHOOXORVH &0& ILEUHV 5DGLDW 3K\V &KHP 
I 
 7DNiFV (0LU]DGHK+:RMQiURYLWV / %RUVD -0LU]DWDKHUL0%HQNH1







 7DNiFV ( :RMQiURYLWV / *UDIWHG FHOOXORVH EDVHG DGVRUEHQWV IRU VHOHFWLYH
VHSDUDWLRQ SXUSRVHV 7(&'2& RI WKH 5HVHDUFK &RRUGLQDWLRQ 0HHWLQJ 5&0 RQ
³'HYHORSPHQWRIQRYHODEVRUEHQWVDQGPHPEUDQHVE\UDGLDWLRQLQGXFHGJUDIWLQJIRU
VHOHFWLYHVHSDUDWLRQSXUSRVHV´%XGDSHVW+XQJDU\'HFHPEHUDFFHSWHG
 'HVPHW * 7DNiFV ( :RMQiURYLWV / )HNHWH 7 %RUVD - 3UHSDUDWLRQ RI
FHOOXORVH EDVHG DGVRUEHQW YLD KLJKHQHUJ\ LUUDGLDWLRQ LQLWLDWHG JUDIWLQJ RI JO\FLG\O
PHWKDFU\ODWHDQGF\FORGH[WULQ LPPRELOL]DWLRQ%LRUHVRXUFH7HFKQRORJ\VXEPLWWHG I
a
:RMQiURYLWV / 7DNiFV ( 'HYHORSPHQW RI D UDWH H[SUHVVLRQ IRU SUHGLFWLQJ
GHFRORUL]DWLRQRI&,$FLG%ODFN  LQ D89+2 SURFHVV'\HV DQG3LJPHQWV
I 
:RMQiURYLWV / 3iOIL 7 7DNiFV ( .LQHWLFV DQG PHFKDQLVP RI D]R G\H
GHVWUXFWLRQ LQ $GYDQFHG 2[LGDWLRQ 3URFHVVHV 5DGLDW 3K\V &KHP  
I 
 3iOIL77DNiFV(:RMQiURYLWV/'HJUDGDWLRQRI+DFLGDQG LWVGHULYDWLYH LQ
DTXHRXVVROXWLRQE\KLJKLRQL]LQJUDGLDWLRQ:DWHU5HVHDUFKI
 





 6DPSD 0+ 7DNDFV ( *HKULQJHU 3 5HOD 35 5DPLUH] 7 $PUR +
%RMDQRZVND&]DMND$%RWHOKR0/+DQ%6ROSDQ'&RRSHU:(PPL66





 7DNiFV(:RMQiURYLWV/3iOIL7(PPL66 ,UUDGLDWLRQ WUHDWPHQWRI WH[WLOH
G\HFRQWDLQLQJZDVWHZDWHU7(&'2&RIWKH5HVHDUFK&RRUGLQDWLRQ0HHWLQJ5&0
RQ ³5HPHGLDWLRQ RI 3ROOXWHG :DWHUV DQG :DVWHZDWHU E\ 5DGLDWLRQ 3URFHVVLQJ´








 (PPL 66 7DNiFV ( :DWHU 5HPHGLDWLRQ E\ HOHFWURQEHDP WUHDWPHQW ,Q
5DGLDWLRQ &KHPLVWU\ )URP %DVLFV WR $SSOLFDWLRQV LQ 0DWHULDO DQG /LIH 6FLHQFHV
(GV 6SRWKHLP0DXUL]RW00RVWDIDYL0'RXNL7%HOORQL -('36FLHQFHV
/HV8OLV&HGH[$)UDQFH,6%1&K
:RMQiURYLWV / 7DNiFV ( ,UUDGLDWLRQ WUHDWPHQW RI D]RG\H FRQWDLQLQJ
ZDVWHZDWHUDQRYHUYLHZ5DGLDW3K\V&KHPI 
:RMQiURYLWV / 7DNiFV ( ,UUDGLDWLRQ 7UHDWPHQW RI $]R '\HV LQ $TXHRXV
6ROXWLRQ ,Q '\HV DQG 3LJPHQWV 1HZ 5HVHDUFK (G /DQJ $ 5 1RYD 6FLHQFH
3XEOLVKHUV,QF+DXSSDXJH1<,6%1
0HOR5/HDO -37DNiFV(:RMQiURYLWV/5DGLRO\WLFGHJUDGDWLRQRIJDOOLF
DFLG DQG LWV GHULYDWLYHV LQ DTXHRXV VROXWLRQ -RXUQDO RI +D]DUGRXV 0DWHULDOV 
I 
 3iOIL 7 )|OGYiU\&V7DNiFV(:RMQiURYLWV / 6XJiUNpPLDL V]HQQ\Yt]NH]HOpV
J\DNRUODWDpVOHKHWĘVpJHL0DJ\DU.pPLDL)RO\yLUDW
 +RPORN 5 7DNiFV ( :RMQiURYLWV / 5DGLRO\WLF GHJUDGDWLRQ RI 
GLFKORURSKHQR[\DFHWLFDFLGLQGLOXWHDTXHRXVVROXWLRQS+GHSHQGHQFH-5DGLRDQDO
1XFO&KHPIa
 3iOIL 7:RMQiURYLWV / 7DNiFV (&DOFXODWHG DQGPHDVXUHG WUDQVLHQW SURGXFW
\LHOGV LQ SXOVH UDGLRO\VLV RI DTXHRXV VROXWLRQV FRQFHQWUDWLRQ GHSHQGHQFH 5DGLDW
3K\V&KHPIa
:RMQiURYLWV / 7DNiFV ( 3iOIL 7 .LQHWLFV RI ZDWHU SROOXWDQW 0ROHFXOH
GHFRPSRVLWLRQLQ$GYDQFHG2[LGDWLRQ3URFHVVHV3URFHHGLQJVRIWKHUG$VLD3DFLILF
6\PSRVLXPRQ5DGLDWLRQ&KHPLVWU\$365&,QYLWHGWDONV
 3iOIL 7 :RMQiURYLWV / 7DNiFV ( 0HFKDQLVP RI D]R G\H GHJUDGDWLRQ LQ
$GYDQFHG 2[LGDWLRQ 3URFHVVHV 5DGLRO\WLF GHJUDGDWLRQ RI 6XOIDQLOLF $FLG
Ϯϯ

$]RFKURPRWURS DQG LWV SDUHQW FRPSRXQGV LQ DTXHRXV VROXWLRQ 5DGLDWLRQ
3K\VLFVDQG&KHPLVWU\Ia
 7DNiFV (:RMQiURYLWV / *UDIWHG FHOOXORVH EDVHG DGVRUEHQWV IRU VHOHFWLYH
VHSDUDWLRQ SXUSRVHV 7(&'2& RI WKH 5HVHDUFK &RRUGLQDWLRQ0HHWLQJ 5&0
RQ ³'HYHORSPHQW RI QRYHO DEVRUEHQWV DQG PHPEUDQHV E\ UDGLDWLRQLQGXFHG
JUDIWLQJ IRU VHOHFWLYH VHSDUDWLRQSXUSRVHV´%XGDSHVW+XQJDU\'HFHPEHU
DFFHSWHG

